The common enterobacterial antigen (CA), described first by Kunin et al. (3) , is of special immunological interest. Although most members of the Enterobacteriaceae synthesize CA, only a few strains of Escherichia coli and Shigella are immunogenic (3, 5, 16) . Hence, CA occurs in two forms; one is highly immunogenic in rabbits, and the other at best is poorly immunogenic. CA is present in aqueous extracts of nonimmunogenic strains and can be separated from the lipopolysaccharide (LPS) due to its solubility in 85% ethanol (12) . The free CA in the LPS-free ethanol phase is immunogenic, but, if mixed with LPS, its immunogenicity is lost or decreased. Obviously, LPS exerts an immunosuppressive action on immunogenic CA (12, 13) .
Chemical characterization of the LPS of CAimmunogenic strains was particularly important to disclose possible common structural characteristics. E. coli 014, the first strain identified as CA immunogenic (3), was studied in detail by Schmidt et al. (10) , who found that E. coli 014:K7 is an encapsulated rough strain lacking the specific side chain but synthesizing the complete core (rfa'rfb-), designated as R4 core type. On the other hand, Mayer et al. (6) showed that certain E. coli R mutants having an Rl core type also are immunogenic for CA. It might be concluded, therefore, that only rough strains with the Rl or R4 core type are CA immunogenic. These two types of core (Rl and R4) present in immunogenic strains (6) have a similar structure, as demonstrated by partial serological cross-reaction and by the absence of glucosamine, present in the other core types (Ra, R2, and R3).
CA co-extracted with LPS from rough strains (Rl and R4) can be attached to erythrocytes for hemagglutination by antiserum without pretreatment or after alkali treatment (5, 6) . It is not yet known how CA is protected from alkali; protection might be due to its binding to the core, since free (alcohol-soluble) CA is degraded by alkali.
Whereas the rough forms of the Rl and R4 core types are CA immunogenic, all smooth strains so far studied, whose core is bound to the specific side chain (rfa+rfb+), are known to be nonimmunogenic (5) .
It was of interest, therefore, to study the immunogenicity of an rfa mutant ofE. coli 014 in order to learn whether the synthesis of a defective core of this mutant (rfa-) is compatible with binding of CA to the core and, if so, whether binding affects immunogenicity.
In a previous paper (4) we showed that CA is an acidic polymer that easily forms salt linkages with lysozyme. Thus bound to an alkaline protein, it fails to coat erythrocytes. The readiness with which attachment of CA to certain macromolecules occurs prompted us to study the action of normal rabbit serum on the immunological properties of CA in its free and bound forms. Serum action on the immunogenicity of free CA was described by Whang and Neter (17) . parental strain by selection with a K-specific phage (9), were used. The organisms were grown on agar, pH 7.2, for 24 h at 37 C. The growth was collected and washed with distilled water; the bacterial cells were used for extraction in the moist state.
Water and ethanol extracts. For water extracts, 270 ml of distilled water was added to 100 g of moist organisms, kept at 100 C for 1 h, and then centrifuged. For ethanol extracts, the supernatant obtained after centrifugation of the water extract was mixed with ethanol up to a final concentration of 85% ethanol and centrifuged after 20 h at room temperature. The ethanol-insoluble fraction was redissolved in water. The ethanol-soluble fraction was evaporated and then redissolved in water. All three fractions were used in concentrations expressed as milligrams of dry residue per 100 ml.
Purification of CA. According to the method described previously (4), 2,000 ml of 96% ethanol was added to 200 g of moist microbial mass. The suspension was heated to 60 C under constant stirring and kept for 20 min at 60 C, then cooled down to 20 C and centrifuged for 30 min at 2,000 rpm. The supernatant was evaporated on a rotary evaporator until reaching a viscous consistence (complete drying should be avoided). It was resuspended in 40 ml of 85% ethanol. The soluble phase was decanted into a centrifuge tube, precipitated with 3 volumes of acetone, and then centrifuged for 5 min at 1,000 rpm. The supernatant was discarded and the sediment was dissolved in 4 ml of water. The aqueous solution was passed onto a Sephadex G-75 column (25 by 350 mm). The VO fraction (read at 275 nm) contained the purified CA, whereas the second, yellowish fraction consisted mainly of nucleic acid.
Preparation of CA antiserum. Rabbits, weighing 2 kg each, were immunized intravenously on days 0, 3, and 7 with 0.2, 0.5, and 1.0 mg, respectively, of purified CA extracted from Salmonella typhimurium strain TV149 (Ra mutant). The animals were bled before immunization and on day 14. Immunization was carried out with similar doses when various water and ethanol fractions of the E. coli 014:K7 strains were used. When E. coli LPS (Westphal) was used for immunization, 0.1 mg was injected intravenously on each of the above-mentioned days. For immunization with bacterial cells, 0.2, 0.5, and 1.0 ml of a heat-killed E. coli 014:K7 suspension containing 1010 cells/ml were injected on the days indicated above. Antisera were inactivated at 56 C for 30 min and used to detect CA in the passive hemag-
Passive hemagglutination. This test was carried out by using the Takatsy microtitration technique (9 Galanos et al. (2) . LPS thus obtained was freeze-dried, resuspended in 1% acetic acid, and treated at 100 C for 90 min. The supernatant was freeze-dried and again redissolved in a small amount of a pyridine-acetic acid-water (10:4:986) mixture. The solution was fractionated in a Sephadex G-50 column and eluted with the same pyridineacetic acid-water solvent system. Aliquots were tested by the phenol-sulfuric acid reagent (1) and with thiobarbituric acid for 2-keto-3-deoxyoctonic acid (14) .
Analytical procedures. To analyze sugars, polysaccharide purified in a Sephadex G-50 column was hydrolyzed with 80%o formic acid for 40 h at 100 C and after evaporation treated with 0.05 N HCl for 4 h at 100 C (11). Glucose and galactose were determined in a Fll Perkin-Elmer gas chromatograph with an ECNSS-M column after having been transformed into alditol acetates (8) , using mannose as internal standard. Heptose was determined with cystein-H2S04 (7) .
RESULTS
A rough-looking mutant was isolated from an aged E. coli 014:K7 (rfa+rfb-) wild-type strain and purified by single-colony isolation. The slide agglutination test in 0.2% trypaflavine solution revealed a marked rough character. Since the parental strain has no specific side chain (rfa+rfb-), it was obvious that the mutation had occurred in the rfa gene. To determine the chemotype of the mutant, LPS was extracted by the Galanos method. After splitting off lipid A, the degraded polysaccharide-containing supernatant was fractionated on Sephadex G-50 (Fig. 1) .
When present, the side chain is excluded on Sephadex G-50 at V0. In our experiment no polysaccharide fraction was present at V0. The fraction containing core sugars was analyzed to determine the molar ratio of its constituents. The molar ratio indicates the absence of 1 mol of glucose and 1 mol of galactose in the rfa mutant as compared with the complete core of the wild type (Table 1) . Sugar analysis clearly showed that the lesion had occurred in the rfa gene cluster. (Table 3) suggest that the loss of immunogenicity of CA of the mutant might, indeed, be related to a change in CA binding to the core, considering that in nonimmunogenic strains CA is present in an ethanol-soluble, alkaline-susceptible form.
The conclusion drawn from the experiments reported in Table 3 was that both strains synthesized CA in comparable amounts. However, in the rfa mutant CA was present exclusively in a free, ethanol-soluble form, not bound to the core polysaccharide, whereas the wild type contained both ethanol-soluble and ethanol-insoluble CA, the latter being resistant to alkali treatment.
To determine the antibody-eliciting capacity of these two different forms of antigen, the various fractions were used for immunization experiments in rabbits (Table 4) .
It may be seen that, as in the case of the heatkilled bacterial suspension, the aqueous extract of the parental strain proved to be immunogenic and that a marked antibody response was also elicited by the ethanol-insoluble fraction of the same strain. In contrast, the rfa mutant did not engender antibodies unless the immunosuppressant (LPS) was removed; i.e., only its ethanol-soluble fraction was immunogenic. The low antibody response to the ethanol fraction of both strains can be accounted for by the reduced CA concentration in this fraction. However, by purification of the ethanol phase a highly immunogenic CA preparation could be obtained (4) .
The ethanol-insoluble fraction of the wild type contained both LPS and CA, but the former was not immunosuppressive for the CA (co- The readiness with which CA attaches to other macromolecules (4) raised the question of whether serum fractions might change the immunological properties of the two forms of CA.
To elucidate this problem, CA was treated with normal rabbit serum. To 0.1 mg ofpurified CA (S. typhimurium), 0.5 ml of normal rabbit serum, 5 ml of hemagglutination buffer, and 25 ,ul of packed erythrocytes were added. After incubation at 37 C for 30 min, hemagglutination was carried out with CA (E. coli) antiserum. The hemagglutination titer fell to <10, whereas the control sample (untreated CA) had a titer of 640 (reciprocal). Consequently, it was inferred that the serum contained an inhibitor or an enzyme which by its action prevented the attachment of CA to erythrocytes. The same inhibition was noticed when bound CA of the wild-type LPS preparation was used. To rule out the possibility of a blocking action by some serum fraction on the erythrocyte surface, 25 ul of packed erythrocytes was treated with an excess of normal rabbit serum. The erythrocytes were then washed with buffer; this did not diminish their CA-adsorbing capacity. Conversely, 0.5 ml of normal rabbit serum was treated with a large amount of erythrocytes. After removing the erythrocytes, the serum retained its CA-binding property. The next series of experiments was carried out to determine the effect of serum on CA immunogenicity (Table  6 ).
The immunogenicity of purified CA was de- tant stroyed when it had been previously incubated with serum for 1 h at 37 C (Table 6 ). The LPSbound CA was not affected by the inhibitor. The antibody-neutralizing capacity of both CA preparations did not decrease after incubation with serum.
The serum inhibitor was found in V,, after Sephadex G-75 fractionation, which indicated a molecular weight of -70,000. Pronase destroyed the inhibiting activity, suggesting the protein nature of the inhibitor. DISCUSSION According to the observations reported so far (5, 6, 16) all CA-immunogenic strains are rough strains and contain a core of the Rl or R4 type. The presence of the specific side chain, even in strains with an immunogenic core type (Rl, for example), abolishes immunogenicity (16). Our results show that an incomplete synthesis of the core (R4 type) also results in loss of immunogenicity. Therefore, we may conclude that the synthesis of the complete core is a prerequisite for CA binding. The binding of CA to the core in immunogenic strains might account for the absence of immunosuppression by LPS and for the modified susceptibility to alkali.
Using a bacterial suspension for immunization, Whang et al. (16) described somewhat different structural conditions of immunogenicity. They found that in viable rough strains immunogenicity is a much more wide-spread character, extending also to other types of core. In suspensions of heat-killed rough bacteria, however, the strains with an Rl core type were found to induce CA antibody production, whereas those with an R2, R3, and Ra core did not.
Whang and Neter (17) described the inhibitory effect of serum on the immunogenicity of CA and called it antigen-associated immuno- 13, 1976 on August 27, 2017 by guest http://iai.asm.org/ Downloaded from suppression. In their experiments, as in ours, the immunosuppressive effect was conditioned by preincubation for a given time of the serum-CA mixture. The lack of immunosuppression on the bound CA is presumably due to the protective action of the wild-type LPS.
